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criterion-related ang intraobserver agreement measures have been .
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- observational data and coefficients of stability and obkerver
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cah be measured as to mipimize such an occurrence. Observers should
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While there is a plethora of obéervation systems cuffeotiy employed
in research in teacher behavior (Simon § Boyer, 1970), there is a corres-
‘bonding\paucity of evxdence relatlng speciflc teachlng SPlllS to c;;nges -
- 1n'pupil classroom behavior (Smith, 971); One possible reason for_many

insignificant findings may pe that investigators have inadequétely con-

~trolled for a~humber‘of sources of error associated with observational
data (thaw, Wardrop, § Bunda,~4972) o o
Prevalent confu51on concerning rellabllltles of observationalﬂoecords :

can be traced to fallure of senarat1ng two statistically related but
'~conceptua11y dlfferent measures observer agreement“and reliabilities

of observational records (Medley § Mitzel 1958; 1963; ‘Mccaw;*et al., 1972).
3 is generally agreed that the reliability of a teet ie a neceSSary/but
not a suf ficient cond1t10n for determlnlng concurrent or predzctzve
val;dlty Analogously, obseruer_agreement is a prlmary 1ssue, althcugh not

theemost important one, to be‘faced in interpretation of :esults of an

/observational study. More important are the reliabilities of the observa-

tioﬁelwdata;—i.e;, the extent to which.obse:VationalwrecorQ§,discriminate
vteachers, pupils, and situations within classrooo envi;onménts. vOBserver
disagreement?is important insofar as it acts as a limiting fhctor on
reliaoilities of‘observational data.

‘Reliabilities of teacher/pupil behavior and other classroom proceso
variables areeespecielﬁy'important in studieé attempting\to relate theoe
‘Variables_to outcome measures}ouch as pupil growthv(Soar, 1972)2
Unfeliabilitxugfieither or booh”ﬁeasures wifimtend to obscure any signifi-/

- cant relationships that may exist. Ibreover, reliabilities of classroom

process variables are ultimtely essential for the purpose of generalization

{ 3

| abouﬁ relationships among teacher iand pupil behaviors. Given that certain
\ o : :

i
6
i
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pupil outcones are predlctably assoclated with spec1flc teaciting strategles,

then such 1nformat10n can be communlcated to teachers for use 1n daily

-dec151on mak1ng

e

Cw i

In dealing-with—traditional measuring instruments, reliability has

een c1a531cally def1ned as the conslstency with whlch the 1nstrument measures

someth1ng ‘ Typlcally this has been done by using parallel forms of a test,
_test-retest_methods or methods of 1nternal conslstency. A number of
assumptions however, are made about thls parallel measures concept. That ;

is, “two or more tests are assaned to be equlvalent in content means, varl-

-ance, and 1ntercorrelatlohs of items (Cronbach, Rajaratnam, & Gleser, 1963)

SRS PR
- } :
B

Whlle these_assumpt1ons are seldom fu11y met in practlce when using

‘ traditibndl tests, they become impractical when applied to observational

studies where human raters {who take the place of tests) are rarely 1dent1cal
or equlvalent in their observat10na1 skills.

In order to avoid such assumpt1ons a number of stat15t1c1ans have

e

proposed the use of 1ntraclass wrelation coeff1c1ents as a means of

determining rellabllltles (laggaxd, '1958; Cronbach et al., 1963; Gleser, .

Cronbach, & Rajaratnam, 1965 u’edley ; Mitzel, 1958, 1963; lcGaw, et al.,
1972) . Taere has been generel agreement about the formula for a rellabllity
in terms of population parameters.

That is:

where:

. o2 is deflned as the varlance of the true scores (e g., of teacher -
o behavior) around the mean of all such true scores in the population
- e of teachers represented by the sample of teachers actually observed.




And: - - | ‘ LT

some components of generic error variance are determined by the nature of -

o

/

- o% is not as easily defined. The definition of 02 will vary according
. : ) s Koo . .9
to the procedure used to collect the data; Basically, og represents
the variance of the obtained measures on 411 the teachers in the
pOpulation about their own mean. (Medley i§ Mitzel, 1963).

While speclflc components of varlance included in o§ are defined by the
\

design of a study and .an 1nvest1gator S partlcular 1nterests, the obtained

Merees

vvvvvv v

varienee can be considered to comsist of a true variance component, of, and
\

a generic error variance component,_og (HcGawx et al., 1972); ‘Likewzse,

t

rS

v . . ] ' V- W . E Q
the reliability coefflciegtfaf interest. However, observer disagreement,

or error variance attfibutable to'observers, is almOst always considered

to be a part of the generic error variance when computlng rellabilities of

s

: observational records. Thus, m1n1ma1 observer dlsagreement is a necessary

.but xnsuificlent condltion for high rellability coefflcients, 31nce there are .

other components of the generlcwerror varlance which are theoretlcally

1ndependent fzom observer-error varlance {(e.g., intzggsubject variance from -

octasion to occa31on)

Other sources of erroy can contribute to unrelzablllty of observatmonal

records as well as observer disagreement. Instabiliﬁy qf teacher/pupil

. ( 4 '
behav1or from occa61on to occasion is typically the gr gtest source of error

-~

(Medley '§ Mltzel 1963). Poorly d931gned observation'systems and studies

can also contribute to ﬁhreliability. Finally, inappropriate data analysis :

.procednres can obfuscate actual dlfferences among classrooms. Althougn

human bohavior is frequently unstable across separate occasions, it is
. \ .

possible to minimize observer errors and investigator errors.

i
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Qbssrver Errors - Y

L ——— M . - .

Observer agreement is typically caleulated by comparing obgervational - -
‘records of two or more observers with each other or with an expert when

simultaneousl) codlng the same classroom events. Observer agreenent is,

AW

often mistakenly assumed . For example, observers can- be trained to a high

i f
i

level of agreement, yet ghey can‘collect very unreliabie data 1f the behav1ors

of the observed teachers/pupils dlffer little, or if behav1ors are truly

unstable from occasion to o&casion, That is, if variance between subjects .. -
~(true varzance) is small relative to variance within subjects (error _ o
varlance), the measurement will be unreliable regardless of the extent of.

. observer agreement.

i

: Nonetheless, observer disagreement cannot be totally ignored If it

cannot be douumented that observers adequately agreed on the same behavioral

’events upon completion of training, and if the data they collected proved
to be unreliable, a'tritical paradox is faced: Is the source of unreliability
of observational records due primarily to lack of observer aﬂreement or _”
consistency in the field? Or, 1s the source of unreliability largely due
to a lack\éf discriminable»différences among teéchers/pupils--either because
behaviors are too unstable 6r because there.are no'existing differences
among subJects° | |

If adequate observei agreendyt cannot be demonstrated obqervational
data may be cpnfounded with errors attributable towobserver misunderstandings
of category défiﬁitions, inconsistencies, and biases thch are realiSticaliy~
iﬁseﬁarable from actual inconsistencies (error va?iande)-within teachers/
pupils and true vafiétion among teachers/pupils in classroom‘observation

research designs,




Once a study is finished, the extent to which obserVéfferrors'detract
from reliabilities can be'estimated Ly intraclass correletion coefficients,

prov1ding certaln design requ;rements are mog (rbdley ﬁ hhtzel 19631 It

l

is too late, however, at thlS.pOint in tlme retraln observers if observer

7 d1sa9reement is found to be serlously limitlng re11ab111t1es. Henre, methods |

_ aﬂd condltlons under . whlch observer a"reement can be measured 30 as to

minimize such an occurrence. are of prlme concern.

/
;/

Observer Agreenent Uhen? '

,/ ’

K]

: A =
Perhaps the first issue to be addressed Ais when measures of observer
&
ement. can.he made_so as to minimize the poss1b lity that it is observers

Anwho are the prlme source of potentlally unrellable observational data.
Thrs_suggests_Lhat_a researchervshould demonstrate that observers were
adequately trained before*actualldatavco}lection. Even if this prior

agreement check was accomplished under conditions identical to thcse of actﬁalﬁm

data collection,? it is still no guarantee that observer'ski}}swyill.oot

. "deteriorate éoring data collection{ It follows then that checks be made
-M*“to 1nsure that observers are malntalnlng thelr skills during the study

as well ‘ If certain observers are feund to be deterioratrng in their skills
at an eariy spage in the;scudy, remedietion or deletion is possible Qithoutv .
the loss of tﬁe entire studyr_

| The frequency of maintenance tests largely depends_on how much a
researcher is willing-to ge@ble agaihst the possibility of'obtainrhg results
which)ere”onreliable'primarily because of observer disagreement., Of course,
if results are reliable, observer agreement becomes a moot point unless there
is a reason to suspect that observers are biased in some manner or that a
‘"halo effect' may be contributing:to reliability (see Medley § Mitzel, 1963) .

2The authors & not intend to imply that this is the most desirable means
of measuring observer agreement, as will be discussed later.
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The nunber of maintenance trials also depends on other lactors such as the

complexlty of the observatlon system, tie deS1gn of the stud), the contln-
genc1es/under wh1ch observers code, the length of the study, the frequency
of observatlons for each observer, schedullng problems econom1c con51dera-

tions, etc. It 1s wise to schedule a. maintenance check some time early in
.

the 'study in ‘order to reduce the llkellhODd of collectlng large amounta of

_data rldden w:th cbserver errors. At mlnlmun{man addlttonat test near the

l

. |
end of the study is recommended. : : L
\\.

Agreement on What Kinds of Data? '

. ' . _ -
Medley (personal communication, 1972) has noted that-one logical-coﬂ-

sideration for determining observer.agreement.is that of how the.data a’r.e‘E

to be analyzed Although this may appear obv16us, it is sometlmes overlo?ked
For example, Flanders (1967) calculates observer agreemen* using a modzfi#
catlon of Scott's m 1ndex (1955) bnsed on total frequenc1es across‘all

categorles, comparing two observers at a time. Yet ;n data analysis he

utilizes two-stage behavior chains in his matrices. It is conceivable

that observers could agree very well inuglwga;;hg;tegpry‘totals,‘yet pPro-

foundly disagree on identification of two-stage behavior patterns.
. o i }
If data are to be analyzed by frequencies of individual categories

emitted, it is snggested_that‘observer agreement measures be determined on

total frequencies for each category. If comparisons of frequencres'Of

groups cf categories (scales) are nlanned; itlis’suggested that«ohserver

agreement measures be based on total scale frequencies. Or, if analysis

'of'three-stane patterns or chains of behayior is intended, computation

' o@bobserver agreement on the basis of three-stage chains is recommended.
/o : '

" In short, observer agreement.shoutd be computed on the same unit(s)

/
7

of behavior .that will be used in later analyses.




Agreement with whom?

= As whs stated earlier, observer agreement is typically calculated by

: . N ' : : / )
.. . = comparing observational records of two or more observers with each other

or with an "expert" when coding the same classroom events at the same time. -
. .

'LT; L Assuming that an analysis'based_on categqrical frequeneies was of interest;
an interobserver agreemeno,estimate (across all observerS) could be obtained
forweach category by‘usingtinfraclass‘Correlatiohveoefficients;(Ebe;, 1951;

'Haggard, '1958; Medley § Mj.tzei, 19‘53, 1963). | |

Suppose a coefficient of .85 or greater’ for each category is considered
- : f

N

to be sat;sfactory evidence of adequate observer training. Aside from pron

lems of interpretation which will‘be—diScussed later, other considerations

are paramount. What if coefficients are much lower than 85 on several of

the categories? Does. thls mean tha* these categorles are not clearly defined’

Or does itAmean thatfsome of the observers-do not clearly understand them? |

If so, whlch ones are the bad coders“— Are they the ones who deviate most o
_ widely from the rest of the group’ Coaversely, are these "devzates" the
good coders, and the renalnder of the group maklng a common mzstake’ More-

: V ' |
’over, even on categorles w1th coefficients greater than 85, such high i

| intraobserver agreement does not necessarily reflect high agreement'with the
original definitions of these categories. |
In attempting to reduce the above-mentioned problems of osing an inter-
'observer agreement measure, it seems advantageous to compare eaeﬂ observer s
scores to those of a criterion or an expert coder with whom the researcher
has confidence for strictly, consistently, and objectively following
origihal category definitions. This type of observer agreement is referred
to as criterion-related agreement.‘ Such an agreement measure is more useful

than an-lnterobserver agreement measure when decisions about adequacy of

individual observer skills are paramount.
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Horeover, criturion?related observer agreement lends itself well to the
des1gn of 1nstruct10ndl materlals for observer training (Th1agarajan, 1973).
. One: of the problems in draW1ng conclu51ons from observational studies re-

lating teacher behaV1or to\pupll growth l&y@hqt i, iSVdanfhult to genetalize

......

,[ P

findings from - 1ndependent studles 1n whlch 1nformat10n about the oehavioral
variables is 1nadequate (Snar, 1972) Cr1ter10n»referenced observer agree- -

ment measures within the context ot an observatloo system 1nstruct10na1

package could help reduce this problen |

 Agreenent Under What Cenditions and Tiow "Perfect?":

‘. It has een;implied-tﬂat perfeet observer agreement isxoesirable, but

the conditigns under wh1ch this applles have not been specified, nor have -

the cond1t1ons been expllcated under which observer dlsagreemdnt is des1raole.
Medley and Norton (1971) have purported that studles performed 1n the

field to determine Observer agreement Lefore actual observational data

collection should be discontinued. Rather, investigators need only document -
taat tieir observers were competent upon completion of training--competency

. being determlned via nearly perfect observer agreement on unamblguous

examples of benavloral\categor1es shown on video tape. Conversely, they have
atgued that perfect observer agreement dur1ng act:al data collectlon may not.
rbe part1cular1y des1rab1e. Since teachers and puplls in the real world do
not always exhibit behaviors that neatly fall/1nto predefined ob.ervational
system categories, observer dlsagreement on ambiguities reveals a more
representative pictufe‘of that real world.

Although their argument is initially disconcerting in that it may appear

inconsistent, it does make sense from a practical standp01nt. It is

highly improbable that any observation system has such specifically defined
. ;o -
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and perfectly mutually exclusive categories that every beuav1ora1 event that
occurs can be clearly fitted into one of its categorles. In all 11ke11hood
there will be some teacher/pupal behaviors which are amblguous-~1 e., they

, | contain elements of two or more-categofies in the system.. If ohservers are
bralnwashed to the point that they cons1steqt1y ‘code the same - amo1guous

\

vbehav1oﬂs into a certain category, results could be Llased. Alternatlvely,

if one.&Fserver codes an ambiguous behavior into one category and another
observerﬁcodes the.same ambiguous'hehavior into a- different category,_the .

SN
overall results ra' 1nd1cate a more realistic description of that teacher's

\

: ~ behavior. - That is, in.the latter case there will be some tallles Ain both_
/ ‘. l .

categorles, rather ‘than 1n only On? category as .in the former case.\,
- \Jh‘ !
Medley and Norton (1971) have' sungested that'a vidéotape contalnlng
solelyﬁamb1guous examples of each éategory for measuring cbserver agreement

——————————

L " should be constructed. Th1s could{be ‘dome Ly taving a varlety of live
classrooms, A/panel of Judges could then review these tapes and select a
nimher of 1solated unamb1guous examples to be dubbed onto another tape.
Th1s process, however, can be qu1te txne consumlng and uneconomical Moreove%,.
the video and audio qua11ty of such tapes tends to be rather poor. It is |
also sometimes d1ff1cu1t to find an adequate number ¢ o€ examples of certaln
aehav1ora1 categorles wh1ch occur 1nfrequent1y 1n actual classrooms.
An alternatlve approach is to videotape classroom s1mulat10ns of .
isolated examples. Thls can be done in an environment where acceptable
audio-visual tape quaiiﬁy can be maintained. Furthermore, examples can be
randomly'ordered, while,producing only one original master tape with segment
— 51gns, directions, etc., 601currcnt1y recorded. |

The issue that th1s type of observer agreenent measure lacks va11d1ty i

could be raised. That ls, ‘observers are not belng tested unde? the conditions
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S to wiiich they are cxposed during action observation. :While this is true, it
. : ' _ /s = - | -
should be noted that'the purpose of such 2 criterion-related agreement measure

is to test an observer's knowledge of the items on the observatlon 1nstrunent

If observer agreement is neasureé~under actual observat1on conditions, it is

usually 1mposs1ble te separate unwanted observer errors in codlng unamb:guous
_examples from expected and deslraule obscrver d1sagreem nt on anb1guous ones.

N Therefore, it w111 be dszlcult to establlsh an adcepta le leVel of aoreement
.\

for making dec1sions abeut individual observer'compete cies.

. ) : [ - v
i} ’ v T/ . . ° R N e P e e
-—-AS§ a compronise te/thes~1esue.of validity, observers can also'be tested

- ufider more realistic conditions in addition to that of coding isolated
. N :
unamblvuous exanples. Because of tne abOVenmentloned paradox; however, it is
e —

L 'suggested that observer agreenent measures be 1nterpreted in'a different - __ -

, . manner. While ncarly perfect obscrver agreement with a criterion is expelted

for clear-cut examples, a different method and standard is recommended for.
measures taken under actual coding conditions. /
The proposed add1t10na1 nethod\\s-that of showing a video tape of

\

~realistic conditions twice%to all observers. This tape shotild probably

be about the same length as a normal observation period in a study, contaln
numerous examples of each eategorv and be fairly representat1ve of the
cond1t10ns under which actual-observation takes plade. Rather than'focusing
- on agreement with a criterion or with other observers, the issue of individual
-observer consistency can be addressed The extent to whlch each obserVer is
consistent with himself can be measured by cqmparang results from the first
Viewing to~these of»thetsecond Bl&JCb in codlng anbrggggi avents” that*';
D

'exls‘ for ezch coder are expected 'to remain falrly consistent from v;ewzng

Ve
' A* .
to v1ew1ng, and tuus moderately high in aobscrver agreement or consistency

_1s demanded. o




Again, a videotape simulation of classroom situations is advantageous,
sinoe/it is usoally casier to control auoio-visual quality and provide an
adequate number of examples of each categorv-than it is in taping live -
classrooms.' o |

ﬁhile this pdper stressos methods of making~decisions about adequacy of

kN

ouserver tralnlng, ooservcr vigilance is an equally xmportant problem.

-Although observers can be tralned qulte well with carefully destgned 1n-

_mstrucclonal packages (Thiagarajan, 1973) or with a computer-asslsted consensus

codi:, % schema (Semmel 1972), there is no guarantee that those who perform

. e tn an s £ vnat S J N

well on a cr1ter10n~¢est or demonstrate high 1ntraobserver agreement,scores

w111 perform well as coders in the f1e1d Strategies for coping with observer:
vigilance lie bevond the scope of this / ‘paper. However, lack of observer

v1gi1ance can be a 51gn1f1cant sourﬂe of error that 11m1ts rellabllltles of-

observat1onal records.

‘How Can Agreement Be Meéasured?

Since there is prohably no one best way of calculating observer agreement,
a number of alternatives will be discussed. It should be noted'thatAmeasures

of observer agreement will be considered only in relation to criterion-related

')

and intraobserver agreement checks. In the former an 1nd1v1dual observer S
todes on unanblguous, isolated examples are, compared to a. cr1ter10n in order to

rake dec151ons about the observer s knonledge of the system. In the latter

N I
test, an individual observer s codes from one vlewing of a videotape of

|

rcallstlc classroom cond1t1ons are compared to the same observer's codes from

a second viewing of the same videotape. vIn“hothutypes of agreement situations

only two observers are compared at a time. e

N T~

Intraclass Correlation Coefficients. Previous mention was made com=-.

cerning the use of intraclass correlation coefficients for decermining
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'interobserver agreement (Ebel, 1951: Medley & Mitzel, 1958). While it

N

was pointed out that measures across all observers are 1mpract1ca1 for

maklng declslons “about 1nd1v1dua1 observers one other problem 1s/bncountered

]
4

1‘w1th thls method

;
,'/

An 1ntrac1ass correlatlon coeff1c1ent is an estimate of the ratlo of

“true variance of oehavlors to that of obtalned var1ance._ Obtalned»varlance

\

/ 1nc1ude= the true variance. plus varlance due to meaSurement error and any

other factors not taken 1nto con51derat10n in the design (which are 1nc1uded

‘1n the error varlance) If error varlance attrlbutable only to observers

is 1solated, and if the rema1n1n0'var1ance is con51dered as true varlance,, v -

the extent to which observeryolsagreement detracts from re11ab111ty of - ?

observed behavlors can _be estlnated (Medley & Mitzel, 1958). ' _ ‘ \Lfy
The major problem facpd"in~measuring.observer agreement in this manner |

(outside of regular data collection) is that the amount of true variance

N N S S .' . ‘.
fluctuates depending on whether or not the situations selected to be coded

are grossly dlfterent or hlghly 51m11ar. If the selected situations '

- ttffer W1dely on an-observation category, then more observer error variance

can be tolerated than for situations across which there is little variance

e - R [

in the category. //_

P For'example,‘suppose that an investigator constructs a videotape test

' / . : o
v with widely varying situations, gives it to two observers, and finds an

estlmated true variance of 90 (among situations on category X) and an
90 ‘
observer error variance of 30. Then Tyx -90#30 = ,75. On the other hand,

suppose,that a test is constructed with highly similar situations (i.e.,

little variancc armong 51tuat10ns on catenory‘ ) and is given to the same two

i

observers. If the true variance was est1mated to be 6 and the observers

were conmsistent with their disagrcenent in the former example (error variance
6 ,

of 30), then r,, = 6+30=.17.
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u All.other things being equal * the discrepancy between the two coeffici-

ents in the above example is due to the fluctuation in true varxance among

~ t

$ituations. Unless several previous stud1e$ w1th the same population and

the Same observatxon system have been done, it is difficult to.est1mate

legltlmately amounts of true variances expected in the field for teachers,
\ .

pupils, and 51tuat10ns. Thus, it is hard to decide how much observer

l N

varlance can be toleratcd,

Horeover, even 1f the amount of expected true var1ance were known, it

'.would probably be challenglng to construct.a cr1terion tape cqntalnlng only

\
, unamblguous example_s‘ that has a true ;var~1[a-3{1’ce roughly equlvalent to the

: expected true. vamance in the field.

!

Although 1ntrac1ass correlatlon coefflclents should be used to determlne
‘the extent to which observer dlsagreement llmzts rellabllltles after a study \

is completed, they are 1mpractica1 for determlnlng 1ndiv1dua1 observer com- i

petencies before a study is’ ‘begun,

Simple Percentage Agreement{3 Simple percentage agreement can be calcu-
lated in one of two ways: Two sets of ratings can be compared on an item

by item basis. That is, on a given item the observer either agrees (A) or

: . ' _ w
" disagrees (D) with the criterion. Observer agreement for a particular
‘category i (wherever the expert has recorde& an i) is defined:
1A | | | .
Py i \ J
. i- zKi + ZDi ‘ - °

-wﬁere“zAi'= tétal number of agreements for the'ith'category

' and LD = kotal nunter of disagreements for the'ith category

3This and the following observer agreement meaaures are 111uutrated
by example in Appendix A.
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Agreement can also be calculated by cohpafing the tvo observers' total

M%Eggguengie; for a given category across a number of situations. Thatiis,

- ' Pt = fli or-fzi such that 0‘<'P' <1 db
S e ‘ 01 7-51 ) fli, — Oi -

vhere fli = tbtgl.freQuency for the observer on catagory i
) a1'1d -féi; total frequency for the expert on ,categc}ry", i | ‘:"
Notice that the firsf cOefficiént,teﬁds to bg more stringent thanvthe
" second. When using the former; an olserver must be correct oﬁ almost every
item.(eVeht) in order to achieve'nearly perfect agreement, while on the second -
he_éoﬁld‘disagree on,some specific items; yet'end with‘totai‘category
fréquencies very similar to the expert's.‘ |
'It can be argued that the second method is more appropriaté if défé ére
to be analyzed on the basis of'total category f:equgpcieé. Alternatively, ;

high agreement when using the first method would almost assure that the

f
A

oy

observer réally knew the System. One limitationAOf'thg first method, ,/

! ,

-1

however, is that it is not always possible tO-cOmpar'”ratingé-on'an item by

item basis.
There are: two other disadvantages to using.éither of these methods of |
. R T, . T . . {

LI . y yd f

{ simple percentaée agreement. Wnen low frequencies of some categories occul
o L I ‘ : !
while other categories occur very often, interpretation of coefficients may.
- | / g
: ! : : N
be ambiguous. For example,” if an observer gets 2 out of 3 correct on f
. . . i

/

. category X, and 19 out of 20 correct on categéry Y, coeficients of .67'aﬂd
, : & J . A .
.95 are respectively obtained. Yet the observer deviates by only one tale‘

! A ' . i

in each case. ,
» I

A solution to this problem is to structure the criterion test so thét it

|

centains an approximately equal number of unambiguous examples of each;

category. It is suggested that 10 or more examples of each category be/given

in order to reduce the likelihood that an observer would obtain high |

i
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agreement by chance and to insure that he really knows the svsten.

A further drawback is-that ne1ther ‘of these methcds accounts for chaice

agreement. It is for this reason that Scott developed anmn coefflclent of

-agreement. o | | o

Scott's Coefficient Scott (1955) argued “that measures of s1mplo pe1-

centage agreement may be inflated by chance agreement. He therefbre proposed

anm coeffzczent which estlmatod the extent to which chance agreement has

- been exceeded when compar;ng two observers’ scores:

Po - Pe'

T o= _
S U N
,whére Pu = 2_ nj
' 1=1
.nii ='the number of items on which the two observers agreed

ns= the total number of items coded

i C !‘J, / ’ ,2
and Pe = 2;?21~n;.[bl = proportion of agreement expected

is= lj:l R "_g by chance

nij =:the number of codes in the ith category for the l
: 1th observer _

“N.. = the total number of codes across C categories and -
J observers

Peo isbaSed on the marglnal dlstrlbutions of categories across all
obscrvers, and the same Pe is uaed for all comparlsons. For each pairw1se
comparison'of observers Scott/eSSumed that.thelr proportional distribntions
of narglnals were symmetrlcal and approxlnately eaual to the average pro-
port1ona1 distributicns of marginals obtained from all ouservers.  Since it
is not always fea81b1e to meet thls assunption, Cohen (1960) sugpested an

{

alternative procedure of calculating Py .
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Cohen's Kappa. Cohen (1960) proposed a x coefficient in which Pes

chance agréement,fis based on observed marginal distributions rather than ™
expected marginals and requires no assumption that marginals are symmetrical
and'proportional-to known populational marginals. P,, observer agreement,

is compuﬁéd in the same manner as Scott's, but P, is defined differently.
. \ '

Po - Po !
1 - Py
| &
. = \ - T
and Pe . ﬁzfg] i+ n+i‘;

K =

-

where n;, and n,; are observer marginals for each
category and n is the number of items coded.

The reader should note that both Scott's ™ and Cehen's ¢ yiel! o1e
agreement coefficient across two or more categories for each nair of

observers. Anplication of thesc measures when using only one category is
. : i} - \

-

innnpronriate.

Light's Extensirm 0f k. Light (1971) agreed that ¥ was concentually
attractive as a simnle distance measure of agreerent. ‘ile nreferred,
however, to view the k statistic as a distance measure of disacreement under

the hynothesis of random agreement. That is,

where do 21 P = ohsorvcd_pronortioﬁ of disagreerment
o , _ -

and de =1 - P = cxpncted nronortion of disagreement.
: . e : L
AAlthough Licht's forrulation is cnmnutatibnally eaquivalent to Cohen's

kK, it concentually facilitates extensions to other tyres o anreement

v

measures such as agreencnt with more than two ohservers, comparisons of

the joint agreement of several nhservers with a standard, measures of

conditional agreenent with twn or morc ohservers, and methods of
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~distinpuishing patterns of asreement from levels of arreement hetveen two

observers. All of these methods require item by item commarisons, and
i - .

most are commutationally complex.

. One of these measures, conxltzonal aprecoent with two- oh3°rVo*q
1 \ R
’ allows one to ¢omnare anreenent of. oqch ohservor s sgore to a crlterlon score |’

for “only those itens wnlch-one ohserver éﬁhe exnért7'nlaced in the ith

‘o SRVEPI e e PPN
specific cateenyy (nght, 19:1, n, »67). That is,\
b , _ 1§ . :

s ’
‘ (1 ng //1 . p+1
"ll_,_ :
//. where nii nurber of agreenents between the observer
! o and critericn coder on the ith éategory:

K].‘i

total nunber of items coded i

Y n | =
n,; = narolnal for the observer on the 1th category
n;; = marginal for the crlterlon coder on the: ith

- category
On advantage o? Kps K and 7 is that thoy can be tested-for oignifi-
cance (séé Floiss; Cohen, & Everitt, 1969: Light; 1971). A limitation'of
‘these coefficients is thot item by item'compafisons are mandatory if they'
are to be used épnropriatély~(ﬁmmer, 1972) . Sioce it'is‘not always rossible’
or convenient to obtain ohcervational data in this form, Flanders (1967)

“has proposed a mod1f1cat10n of Scotg's m using category totalq.

Flanders' Mod1f1cat1on. Flanders (1967)'used the same formula' as Scott,

but modified the computation of P . Correction for chanc: agreement is

computed separately for each vair of\observers based on their observed
BN

~marginals rather than‘using a common exnected Pe based on all observers as

Scott did.




P - P v ,
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STl
B Fi1 Fig
where P £ " 1 - ﬁ ..E.-.__..iz
o . A__-f,,,‘ 81 f.l f.z

fi2 = the frequency for the ith category ¢or observer 2 '

f.l = the total frequency o? codes across C categories
: for observer.l,

N | - f o = the total frequency of codes across C categories
- ‘ . ) for observer 2

2! .

ee %"1

The way in which.(Flanders has caléuia@ed'?o is notvaffecfed'by zero'br
' low frequencies as is.simple.percentage-agreement on category‘frequenéies.
However, his'PO becomes dubious when two sets of ratings cofrelate‘highly;
For_éxample, if the first observer simply did not récOgnize hélf_of the
behavioral events éééurring because he was a.slow_coder,_whilé the second

' one'did see theﬁ, it is possible that the following results could be obtained:

l Observer 1 OFserver 7 |
Frequency Frequency -
] , 2 T : S H—
) ‘ :
¢z | 6 | 12
’ C3 .v 4 / 1 ’ 8
Cy 5/ RV
Cs 3 6

i If Flandergs’.‘nf were utilized on these data, a coefficient of 1.00
would result' yét'it is evident that the two observers do not perfectly

agree on individual category comparisons. (Sec Annendix A)




While this tyne of aprcementvmeaaure is appropriate if cateeory propor-

SR tlona or percentages are emploved in ana1y91s. it would be a nislcading

»mcasure if data were analyzed using catevory Freouenc1es or three- -stage
'patterns of behavior as a unit of analysae. ' ' | .
o

e Garrett (1972) sugyested an alternat:ve nrocedure for calculating =

whick is not blased by highly correlated ddta. P is calculated in a-nannef

~

31m11ar to the aforementionad second method of s;mplo nercentane agreement
- Her Pe is computed 1n.the_same manner as Scottls Pe, but she oonsiders
.. . the two observers to be the oopulatign each time. | o
| One limitation with ﬂarreet's.ng'ie that it.can'cause an interpretétion"
pfobiem.for infrequent occuyrences of a given category that is similaf to
~ tie one discnesed‘For simnle‘percentage agreement measures. It too, like *"f .
fes Can only be used as a descriptive.statistic which cannot.be'subjected
to a statistical test of significance. | ‘

4+ "hich Agreement Coefficient is Appropriate?

R B

Althouph the conditions for measuring apgreement have been snecified,
and a number of methods of obtaininp agreement measures have heen presented,
the reader still may be left in-a quandrv--whlch ohserver agreement measure is\
most anproprlate? Moreover, once an anreement coeFflcient ‘has been
selected, how large should that coeffiélenp be in order to be acceptable?
There are nrobably_no two hest answers to these auestions. Based on the
foregoing.diséussion, the previously specified conditiohs for.neaSuring
agreement, and the experienee of the'authors, tne fol}owing’orocedures are.

' recommended :

1. Observer agreement with a criterion. In the case of cod1ng isolated

unamb1guous examples when making item by item comnariqons Cohen $ K- or

Light's Kp seem most desirable. Scottfs 7 should generally be avoided, since
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- since it is often difficult to meet the‘assumntion relative to matginal
dis.ributions. Cohen S « appears to be. most apnronriwte for determining

_ observer agreement on a scale (cluster of catepories) nrovidlnp that the
scale is to;be.used as the Unit‘of deta analysis. On the other hand, if an
individual categery is the intended unit_of enalvsis, Light's wx\seems most

appropriate. If a sequent1a1 ana1y51s of behavior patterns is Dlanned

-

(e.g., Collett § Semmel 1971), Kp can be used for each nattern of 1nterest.
To be conservatzve however, an agreement~sheuid-be counted only if the

_order of recorded behaviors is 1dentica1 fbr both observers for each 1nstance

...&ue“ v e e -

of a Darticular pattern, dlsreqardzng any addit10na1 elements which are

- -cons1dered "noise' in the sequential vector.
Interpretation of these coeFficients is yet another matter. As Light
| (1971) has noted,'it is possible to test the signifieance'of'x and_npif
B “nominal data'ere used.‘_énne;m(1972) has‘commenteﬁ’that such signifieance
tests-are~seldom'hsed with observer agreement measures--and perheps for a
good reason. To have‘demonstrated thet an obserLer agrees with a criterion
“at a level sign1f1cant beyond chance does not guarantee that such agreement
is nearly perfect. . It is assumed that Vhen'Medley and Norton (1971) e
referred to nearly perfect agreement, th§y<were.exoeeting simnle_percentage
‘agreement (PO) of .85 to ;90 or-gregtegsfﬁlf PO = ,90 is'considered‘to be a
lower hound for making decisions on adequacy of observer skills, then K,
fromnthe experience of the presentﬂhuthors, typically féllsfaround .80 or
greater while o is less predictable. |

Therefore, it seems most practical and Iogical'to‘use the simple per-

centage aareement measure if P ¥ 85 is demanded when making item by item

eomparlsons of unamblouous events. Interpretation is further aided if an
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observer is given a criterion test cons:stlnq o“ at least ten or more examnles
of each category {scale, chain) with an annroxlmatelv equal number of
examples o€'each unit of analysis.

if iteﬁ by’iteﬁ coﬁparisons are impossible or iinnractical',K and

— - . ) : .

can be modified hy assuminv that the lower of the total Frequencies for each

4

category for the two observers is the numher of items upon whch they agreed

. e L 2T
Whtleac and '<p (and1T) can be qsed as a descr1pt1ve statlstic in this manner,
|
statistical tests of s1qnificanee are clearly inapnroorla e (Emmer, 1072)

‘.eFollow1ng the same line of reason1ng, however, the aforeme ioned second
method of simple percentage ‘agreement appears most reasonable,il ,Pé > .85
" is demanded'when comparing gotal_category or scaie frequeﬁcies of.unambiguous
events (assuming.aporoxima5515_équal repreeentation of categories‘iv

2. Intracobserver agreément. It was ‘also sugqested that a measure of

intraobserver,agfeement'be taken on two observations of the $ame videotape
2 segment of a vealistic setting. It should he noted that the purpose of -
critexion-referenced agfeément is to assure a trainer that his coders know

B

the-gystem nearly perfectly, while the intent of intraobserver agreement is

to demonstrate that coders can anply their discrimination skills in an actual

P WXPRE

codiho aituation€
Since item by item comoarisons are usually impraetical for the latter -
measure, the modification of ocq;scussed above and the two mouificat;oag of’
, "é}ékﬁageible choices for an oveiall measu?e of intraobserver agreement.
-,However, siﬁée ambiguoos events are ljkély to occur, acceptability of-obtained
———coefficients should be interpreted moee liberallv than that for criterion~
referenced agreement. |

The present authors have used average simnle percentage agreement with

ﬁg_= .75 as an acceptable lower 1limit of intracoder agreement when total

]
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category frequencies are the unit qf anélysis and there are few low frequency
categories. Alternatively, Flanders' method of calculating P, is not
affected by low frequencies of categories as if P}. His.Po is preferable to

PS when the distribution of‘catégory frequencies iS‘unequalhand some are
quite low. The pfoblem of a”pbsitivé‘bias Qﬁgn pairs of ratings corrélate
' . ' P Y
highly is not as serious with the int?aobserver'check as it is with the
criterignfreferenced teét,~since amhiguous events are 1ike1y§ and, more
impq_rtant, observers tend to see more .anpi code mdre during the secon_& viewing.
If Flanders' ﬁf is used ;s an dverall intraoﬁsefver measuré; and if one

sets be

] .
= .75 as minimally acceptable, then Te will typically fall around
.65 to .70 for five- to fifteen-category systems. | |
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INVESTTGATOR ERRORS

-~

I While observer agreement is one of the flrst concerns: of an investigator,

———— .

reliabilities of observational records are more imvortant. The nlural of

"reliability is used because more than one intraclass correlation coefflcient
'can often be calculated for a given set of observa’ ional records--particular-
1y for multi facet designs Each coefficlent estimates the extent to which
elements of a'certain facet in the design~can.be consistently discriminated
from each other. Comeonents of varlance which are considered to be true
sources of variation rather than error variance depend on, the reliability
coefficient of interest, which is in“turnudependent on the design of the
study and objectives of the investigation (Pleser Cronbach "and Rajaratnam, 1fp
‘1965) Thus, the de51gn of an observational study as well as the selectlon

* of facets whlch determlne true and error variance components are important
considerations since tnese.factors affect both the nature and degree of |
reliabilltﬂes of observational data.

|
‘Accounting for, Sltuatsonal Factors

In response to these considerations, McGaw, et al, Il972) have con-
tended that context or situational variables have been neglected or mise-
treated in designxand\gnalysis of observational stodies. In disagreement.
with Medley and.Hitzel (1963), tney have purported that variance in teacher.
(and pupil) behavior from situation to situation may be more lawful than
it is random; Althougn the situations eere never clearly defined, it is
assumed that context variables such as subject matter, class size, seating
arrangements, group structure, nature of teaeher and pupil task, time of

" the day (week), etc. were considered.; *cGaw and his associates have argued

that situations should be treated as a separate facet in determining

reliabilities. More specifically, assuming that an observable dimension of
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teacher behavior is of fnterest ‘differences among teachﬂrq (T), and situa-

-tions (a) are both conshdercd to be true sources of va?1at1on. ’If situational

\

factors are not taken into account, then variance attrzbutable to 51tuations

is 1nc1uded in measurement error. It is the contention of chaw et al.,
i

that such de31gns or analyses which h1ve ‘treated S1tuat1onal variance as part

\, - s \.
of gener1c error variance may baVe llmlted the reliabil1ty with which ~¥y :

teache;s {or pupils) were discriminated

Horeover, the 1nteraction of teachers and 31tuat1ons (TxS) may he sys~~* -

temat1c ‘and 15 ‘1likevise treated as a true source of” variatlon. For’example,
it is sen31b1e that in a large group soc1a1 studles lesson with thlrty pup1ls
a teacher's. quest1oning style may be quxte different from his/ber ques-

tioning style when 1nteractinp with one punil working on an art project.

v

Components of variance which are treated as error 1nc1udp varlance in
'behavzor over occasions (0 w1th1n Tx8), variance att;jbutable to rater
differenges (J), and other interaction components...That is, the total

- variance for their design,

T2 2 2 2 2
oao + 0% + ¢ +
X7t s . 'ts ¢

w’her? ' oz = og(ts) " 0% + U%j Py ogj + O%Sj + U%(tSJj + O‘g
Thus, three coefficients of generalizability, or indices of reliability,

. 3
may be estimated:

. /.') ~
=0y [ spea2)
n2 A2 / ’ A2 n2 "
R Ps = Og \% * oe/
~ ' ’ ~n . \
0%53 0%5,/’ (o%s+ cha /"cGaw et al., (1972),

pp. 24-257.

The advantage of partitioning variance components and reliabilities in

this manner is that data interpretation can be facilitated. For instance,

i
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if both 57 and 52 turn out to be small, and p2 is relatively large, it can

ts
- be goncluded that while nelther d1fferences in teachers (within situations)
nor s1tuat10ns can be clearly dlscrlmlnated dlfferences among teachers in
their changes in behav1or from one situation to another can be detected

An obv1ous implicatlon of such an approach is that situatzon effects
should be considered when designinp an ohservational study To simplify
data anaaysis procedures, it would anpear advantageous that all ‘teachers be

observed an cqual number of times in the same types of situations. Or, if

such a de51gﬁ is unwieldy, all teachers might be observed an equal number of

9

times in thé same situation.}

It should bé no;ed fhat McGak, et al., (1972) have treated the situé-
cions facet as a random factbf”iﬁ‘fﬁéii‘aésign. 1f lgvelslof situations are .
~selected in a non-randbm manner, or are conéidered a fixed effect, generali-
zations must be restricted to only tﬁose levels rather than to the universe
of situations as defined by McGaw,'gg‘gl. ~g~ ‘

Finally, it is hecessary that observation S§hédules include items or
scales for récording sifuééional elements if the situation is tb be con-
sidered, 1ﬂbservétion instrumen;s used in P?oject PRIME (Kaufmén, ngmel,'&
-Agard, 1973) and by Medley and Norton (1971) a;e good examnles of instruments
which account for a numbér of situationél variables.

Observer Assignment

It is well known tﬁat as theAnumber of itgms oh a test is increased,
the reliability with which thevtest can discriminate subjects on a given
dimension is likely to increase. ,The%same principle applies to, observational
studies. For exammle, Medley and Hitéel (1958) found thét increasing the

number of observers per visit minimally affected reliability, while inéreasing

~

/
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“the number of visits per classroom substantially increaseﬂ;the':éiiability

with which teachers were discriminated on five bbsefvatibn scéles. »
Foads oo Medley and Mitzel (1963) suggested that a reliébility check be performed
in the field (befo?e éctuai“déta collection) in order to estimate the number T
of visits nécesséyyffdr an acceptable coefficient. More recently, howeyer,
Medley and Noxrtoén (1971) have conéluded that such a procéduré ishof.lit;le
value. Rather, as many visits per classroom as possible are desirable in
| colleéting actual 6bservationa1 data.
| Implications fof observer assignment are that'indehendent'vairs of
obseqvers shoul& idéally.visit each clag;room an equal numbéf of.times such’n /
that!péch rater is pai—ed with every other rater equally ofteﬁ.- Not only is
'énalysis simplified by-this procedure, but it is also posSible to obtain a
_direcf meaéUre of ‘observer agféement in'the»glgssggomnpy ﬁsing'iﬁtraclass
correlation céefficients (Medley & Mitzel;‘1958);
‘Sombtimes it.is impractical to'assign pairé of observers to each '_ e
R _ classroom. In fact, in ordér to maximize the number of visits to éach class-~
room, and to ;£$ihize observer effects, one observer per visit is most |
desirable providing that ''each recorder obser&es each individual af least
once, and dbserves every indifidual the same number of times. This numbef may
vary across recorders--one fecorder may seé all individuals twice;'anOt er .'
may see them fhree_tihes.each /Medley & Norton (1971); Exhibit 2,133272"
With this procedure coefficients of obsérver agreément, stability of{beha-‘
viors, énd.reliabilitieé of both individuals and groups can he calculated.,

Poorly-designed Observation Systems

Anoiher factor which can affect reliability is a poorly-designed
observation syd'tem. From thelauthorsl exnerience; systems with high in-
, _ o j
ference catepories (i.e., pooriy defined, or based on extremely subtle

and/or complex cues) cause problems iﬁ observer agreement during training.




It logically follows tnat this can curteil'reliability coeffncients, and
serious interpreiafion problems are likely to result.

In ordef to reduce such‘occurrences, Medley and‘Norton,(1971) navo
stressed that 'ebjectivity is ensured b& defining categories SO that thesed-»
discrlminations are based (1) on relatively obvious and easily recognized
cues, and (2) on cues which are mlnimally dependent on sophisticated knowledge
or on the observer's own set of-values {p. 1) " Thiagarajan, M. Semmel,
and D Semmel (in press) have also dellneated a method of concept analysis
which can enhance oh;ectivity of categorles during development of a system
or system-training materials,

| Two recommendations have been pronosed to those who‘ use and/or are
developing observation systems in order to help reduce such errors. First,
Emmer (1972) has suggested that developers of observation systems like devel- _
opers of commcrc1a1 tests, should include various rellabllloy coeff1c1ents -
and note  the nature of the sample studied when publishing their systems.
Thus, other system users and developers would be able to make informed s
choices among observation systems»end categories based on their reliability.

Secondly, Thianara1an (1973) noted that a number of observation systems
are highly dependent on their original developers for purpose" of training

coders. If persons other than the originators train observers on the systenms,

the intended nature of the systems can be inadvertantly distorted. This

- could be one reason why results from observational studies using the same

system with different 1nvestigators have been inconsistent. (Soar 1972).
in order to reduce this problem,_Thiagarajan has suggested that self-
contained, criterion-referenced instructional packages be developed for

observation systems. This procedure cculd enhance the consistency with

which a gystem is used.
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- SUMMARY
SOBserver disagreement is important lnsofar aeoit limits the reliabilities
of obser?etiqnal records. Once e.study is finished, the extent tofwhich
~ observer errors detract from reliabilities can be estimated by inéraclass |
correlation coefficients nroviding certain deeién requirerients are met

- (Medley & Mitzel, 1963). It is too late, however, at'this‘pointfin time to

o
PR

‘ retrain observers if observer disagreement is found to be seriouély'limiting

,

reliabilitles. . ' , 5 ‘ | ’ N
l, Hence, the previous discussion has evolved around methods and conditions

under which observer agreement can be measured so as to: mi?imzze such an

|
i

occurrence. ,

". ! B , /
It has been concluded that observers/should be trained to nearly perfect

agreement with a crlterion or expert coder on unamb1guous examples of
j
behavioral categories before actual data collection. Coders should then

be expected to|agree.on unam&iguous gvents encountered in the field But
disagreement-o ambiguous events observed in the f1e1d‘shou1d also be exe-

pected, since eachers and punils do _not always exhibit behavio;e which

4_ L [ S O Yrwry

‘neatly fall into predefined observational system categoriesJ Disagreement ,‘
on ambipu1t1es may help reflect a more accurate. renresentation of the real

| world (fedley and Norton 1971) | | : - Y

Since the number of ambiguoue events occunting in the;field cannot |

be controlled, a measure of observer agreement in that situation is difﬁicult

/

A Ay - v emdn ae

to interpret Rather, the best that can be done is to document that

observers can accurately code unambiguous examples. This. can be accomplished

v 1

by‘showing observers a video tape containing only unambiguous examples.

In addition to criterion-related agreement, it was suggested that

measures of intracbserver agreement be obtained by showing a video. tape

PPaRTr)
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twice to all observers in which conditions narallel those encountered in the

‘ a
field The wpurpose of an intraobserVer a?reement measure is to demonstrate
the extent to which each observer can consistently code under observational -

circumstances which closely approximate classroom conditions.

While several methods of calculating obServer agreement have been

proposed (e.g., Scott, 1955; Cohen, 1960; Flanders, 1967; Light, 1971;

_ Garrett, 1972), little emphasis has been placed on interpretation of observer

agreement measures.' Due to lack of existing guidelines for making decisions

on adequacy of observer training, relationshins among various agreement

'measures were discussed It was concluded that slmple percentage agreement

> .85 for each unit of data analysis was acceptable for a criterion-related

measure of agreement on unambiguous videotaped examples. An overall propor-

" tion of agreement > .75 was also recemmended_fbr an. intraohserver measure on

a videetape representative of realistic classroom coding conditions.,

In addition, the necessity of calculating agreement coefficients with
the same tvpe(s)'of data (e.n., cetegory fvequencies, two-stage patterns,
or scales) that are used in'analysis of actual data collected in the study
waslemphasized. | | |

hile criterioueteiateeuaue:intraobserver agreement measures have been

reccamended for both before and during a»study, these measures should not be

used as evidence of observer agreement in the actual classroom. Rather these

.
1
!

are measures to assist an investigator in,documentingﬂadeQUacy of observa-

tional skills. The purpose of such efforts are to minimize the possibility
that observers are_primarily tesponsihle.for potentially unreliable
observational data.

- After a study is finished relisbilities of observational data and

coefficients of stability and obeerver-agreement should be calculated by'




using intraclass correlation coefficients. It was emphasized that there are'A'

-many types of reliab111ties each depending on the design of the study and
on how true and error variance components are partitioned

Since teachers and pupils may behave differently in different sitnations,

it was suggested tnat treatment of situationspand subject X situation
interactions as error variance in past studies may have 1imitedvthe relia- |
znbiiity with which teachers and pupils were discriminated. As a result,
identification of classroom process variehles ‘thak relate to pupil growth
‘may have been obfuscated. It was reéommended tnat srtuational factors be
included in ebservation systems in-an attempt to reduqe'the large amounts
of exyror variance typically attributable to instabilitrfof human behavior.
The identification of sipgnificant situational faetors remains yet to be
determined empirically, however.

It was also emphasized that anpropriate methods'ef observer assignment'

can make it posrible to determine the extent to which observer, disagreement

limits reliabilities relative to other sources of error such as instabiiity

of Behavior across 6scdsions. Finallv, it was menLioned that poorly desicned

observation systems can also curtaii reliabilities.
Con51der1ng the varlety of diéferent types cf errors that can enter

into cbservational'studies, it is not surprising that few, if}any;relation-

ships among classroom process variables and pupil outcome measures have

been yet established.
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Two kinds of simple percentage agreement, ocott's r (1955), Cohen's «

(1960), Light's (1971) extension oi K, Flanders' (1967) modification of

n , and two other measures of agreement between an observer and an expert-
will be considered respectively In order to providela.thread of -
continuity among these ‘methods, /the'same artificial data will be nsed in
computational examples,-althougn the data will appear in different "forms. e

Necessary assumptions, the required "form" of the data, the computational

formula, examples, and advantages and 1im1tations of each method will be

Assume that two observers coded a total of thirty events using a five
category observation system, The categories used were:

c

" T cher lecture " .
C2 = Teacher comprehension question | .
C3-= Teacher convergent question
Cu = Teacher divergent question
Cs = Toxcher evaluative qpestion )

Followzng are seme artificial data. The total frequencies of each

.

category recorded during the thirty events are given for each observer.

‘there are two extreme cases, optimal and minimal agreement, in which the -

o S obs. 1 Obs. 2
B (£33) (£52)
Cz ' ' 6 e e 12
' C, 4 o 8
Cy 10 ' _ 5
Cs .6 | 3
Now, if observer agreement was measured on an item by item basis, "

-

two observers' codes could result in the above total frequencies (maiginals)

........................
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TABLE 1. An Optimal/Cése of Agreement on
' - Individual Items Given Fixed Marginals

Lvent ~ Observer 1 . Observer 2 Agreement

Code ' Code
1 Cy Ca A (=agree)
2 G2 Cy A |
-3 o C, D (=disagrec;
7 cs cs A
8 Cs Cs A
10 Cy C, A
11 Cl Cl ’ A
12 Cg C, P
i3 - Cy A
14 Cy, C, D
15 - Cy C, A
16 C; C,y A
17 C, Cs A
18 Cs Cy A
19 C, Cy A
20 C, Cs A
21 C, C, A
T 22 T T " €3 - R
23 £ C, D
24 . Cy / C3 D
25 Cy, Cy D
26 C, Cy D
27 Cy Cy, A
28 C, C,y A
29 C., C, D
30 Cy Cs A
"MARGINALS™ ~  Observer.l1 . Observer 2 - EA = 20; ID = 10
C 4 2
C2 6 12
C3 - 4 8
Cy ~ 10 5
Cs 6 3




- TABLE 2. A Minimal Case of Agreement on
— . o Inlividual Items Given Fixed Marginals

Bvent - - Observer 1 : Observer 2 Agreement
o Code Code ‘
1 Co Cs - D (=disagree)
-2 C, Cs D -
-3 Cy G D
4 Cy Ca b .
5 - Cy Cy D
6 - Cs Cs D
= Cs C3 D
8 Cs Cj D
10 Cy Cy D .
11 Ca Ca D
12 Cs Cs D
13 (o] Co D
14 Cy C.2 - D 5
15 _ C2 1 b .
16 Cs fom Cy - D
17 C3 PO I R | D
18 €3 § ¢y D
19 Cy Ca D
20 C2 Cy D
21 C2 - Cs D
. e -.22,,” ~€5 -‘__cg_.__ D —_
23 Ci Ca D
24 Cy 'Ca D
25 Cy Ca D _
. 26 - Cy C2 D
27 Cy Cz D
28 Lz Cs D
30 Ca- Cy D
MARGINALS Observer 1 _ _Obse;yer 2 TA=0: 5D=30
[ - | 4 _ 2 : .
C, 6 12
C3 4. : 8
Cg 10 . S 2

C5 6 ' 3
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Following are examples of dlfferent methods of calculating observer

agreement using these data.
1, 4SIMPLE PERCENTAGE(AGREEMENT: NOMINAL DATA"
1.1, Assgmgtion' Observational records must be analyzed on an item x

item basis. On a given item or event observers either agree (A)
or disagree (D).

.l,ﬁ:' Computational Formulg

P, = IA

° mwm
where TA = total nemberlof agreeing pairs,

~and  ID

total number OE-diSagreeing,pairs; .
Range: 0 & Py < 1.00
1.3. Ekemgles i
- ‘ _. ;, | Optimal Case: P ': ;égé = 20 = .67

+10 ¥» . i
 Minimal Case: P = . 0 = .00

i N — : —& T+ 30
1.4, Advantages

1.4.1. Computationally simple.

1.4.2. Discriminates between optimal and minimal cases.

i

1.5. Disadvantages - A ' -

~1.5.1. Does not account for "chance" agfeement.
1.5.2. Can only be done for two observers at a time.

1.5.3. Often impractical to obtain nominal form observational
data.

2. SIMPLE PERCENTAGE AGREEMENT: FREQUENCY DATA ey,

2.1. Assumption: Observational data is analyzed on the basis of -totat— -
tallies in each category. For a given category it is assumed
that the lower score of two observers is the mumber of times

_ they agreed, and the difference between scores is the number.
. o ~ of times they disagreed.




2.2.
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Conputational F‘orm’ula
Py, = fil or f12, such that 0 < P’ < 1.00
i FH7  wY
. where fil = score for observer 1 oﬂ the ith category ‘
and £i2 = score’ for observer 2~o+ the same i}h category
“Also, Fg = l‘i% P! = average ?ercent agreement
| = 05 ” ,
Range: 0< Fc" < 1.00
2.3, Examples '
Optiméi Case: PJ = 6= .5
> - 2 >
12 )
P, = 246+ 445 3) .50
S\§ .12 & 10 §©
Minimal Case: Same as optimal case
' 2.4. Advantages .
2.4.1. Computationally simple - .
2.4.2, Agreement for specific categories or a group of
categories can be calculated.
2.5,

Disadvantéges

2.5.1, Does not differentiate between optimal and minimal cases
2.5.2. Can only be done for two obsefvers"at a time.
2.5.3. Does not account for "chanceﬂ ag%eement

2.5.4, May be affeuted by zero or 1ow frequenc1es "For

example: . -
Obs 1 Obs 2 ;bifferehce}f’ﬁéiY” m
c 1 2 1 .50
1 . : : \?

c, - 19 20 1 95/




3. SCOTT'S n (1935)

Sco%t argued that measures of simple percentage agfggment may be
infiated by '"chance' agreement. e therefore proposed a m coefficient
which estimated the extent to which chance agreement has been exceeded.

3.1. Assumptions - ' G

3.1.1. Nominal, rather than frequency, data must be used. That is,
on a given item two observers either agree or disagree.

= : 3;1.2.” Both observers must have identical marginal distributions
o of category proportions, equal to known populational values
. (Light, 1971, p. 367) - : }
; ' | ’ - ‘

3.2. 'Using Contingency Tables )

Light (1971) suggested that a contingency table is conceptually
useful.in -understanding Scott's =, ‘as well as Cohen's «, and Light's
extercion of ¢ for measures of conditional agreement, agreement
among more than two observers with each other and with a criterion,
and measures of patterns of agreement. Therefore, a C x C ,
contingency table will be constructed for purposes of illustrating
the data. : o '

Observer 2

€y CZ C3 C4 Cs

’ marginal for Obs. 1

N+
B M2 : M+ N= ;f¥i+ '~:€5+i
Cs (a} ‘ n3, RS |
; }Observer 1 c, (b) e Ngs = total number of
- - _ ~items

o g 1 nge
. o S
marginal for //”F o
Obs. 2 ' ' | -
Figure 1. A 5x5 Contingency Table

|

N "4-2 n+3 t']+4 No|N

table in Figu;e 1 showing agreement or disagreement and its nature.

For example, suppose that for item (a) both observers recorded category
#3. /An entry would be tallied on the main diagonal (C,.), showing
that the twe observers agreed on this item. For item fé) the first
.observer recorded categury #4, while the second observer saw it as
category #2. An entry would be tallied off the main diagonal (C45)
showing how they disagreed. . ‘

- For each behaviorel event a tally can be made in the contingency —
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For‘the' optimal case the contingency table is: |
Observer 2
G G 3 G G oy, !
| “bv 2] 200 o K
Observer 1 Coy !
2 - '
(Expert) 0 6.1 0 0 0 6“
351 ot o 4 0 0 4
Cl o 1°] 4 5 0 | 10
CS,l 0 3 0 0 ' 3 6
T 2 12 | 8| 5| 3 | 30 -
For the minimal case thé contingency table is:
Observer 2
C1 C2 _C3~ C4 CS n;,
¢, |lo |4 o 0 ]o 4
Observer 1 CZ 1 0 2 1 2 6
(Expert) ,
3 0 0 0 4 0 4
€Ca |1 |8 o] o | 1 |10
GG o o e | o |0 | ¢
ny, 2 |12 | 8] s | 3 | 30 ~
3.3. Computaticnal Formula -
Po - Pe
MY —
1l - Pe
1 & | . L
~ where Py = HZ: g, o= pro_portion:of agreeing pairs
' i=1 | |
| n;; = the number of items on which the two observers
agréed for the ith category (main diagonal) .
n = total number of items coded
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nij = the marélnal for observer j for the ith
‘category (there are J obse?vers)

N.. = the total nutber of codéé”f@t all observers .

3.4, 'Examgles

Since the same Pe is based on the population of observers and
is used fotr cach pairwise comparison of observers, it needs to be o
calculated only oncc. 'Suppose there are four observers in the study .

© Thelr marglnals are: ‘ o
Obs, 1 Cbs, 2 Obs. 3 Obs. 4 n,

: C . p . .10

cl | 4 - . 2 6 7 19

2 6 12 10 R 39
C | < -

3 ; 4 8 2 | 15
. | - -

4 10 | 5 .4 3 22
c. |

°5 6 3 8 8 5

N..s 120 '

) G )

: recording te assunptlon 3.1.2., the prondrtlonal distrlbutions '
- of marginals for each pairwise comparison of observers should be

symmetrical and they in turn are equal to known populat ion
proportzons (population = J=4 observers) '
Populatlon Observer 1 Observer 2
[ng /N.1] [nyy/n.0] [my2/n. 2]
¢, 6 e .13 - .07
c, 33— .20 - .40
c, o - .13 - 27
c, 18 e 33 e .17
C 21 R .20 | > .10
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/

| | /" BEST COPY AVAILABLE

': - / o A9
For ohservers 1l and 2 it can be seen that their marginal
distributions of category proportions are not very symmetrical nor
are they equal to the population proportions. Thus, Scott's m should
not be used legitimately as a statistic with these data. For
purpoges of illustration = will be computed in spite of the
appayent viclation of assumption 3,1.2. . ﬂ

Optimal Case ™ . : - ’jfﬁ
II,’i » . 1 ',(" . 20 | ’ )
-/* Py »=l 35(2 +6+ 4 f 5+ 3) = 3 = -.ﬁ?
T.—p—e--_ 1. - e .
Minimal Case .
- lwso. . '
Py = F(0+0+0+0 + 0) = 0.00 - |
0.0 - .22 | S .
= Sl o 28 | :
1.00- .22 o '

3.5, Advanta;es
3;5.1. Corrects_for.chaﬁce agreemént
375.2. Relativelyvsiﬁple'io coméuté.
3.5.3. Can be>tested for signifiéance if assumptions are met
' 3.5.4. Discriminates between optimal énd fdniﬁa1 case |
3.6._'Disadvaﬁtages | |
~ 3.6.1. Can oniyfbe used with two obse;vers’at a time
3.6.2. Assumés that observe& marginals must be symmetricgl énd
s ~ approximately equal to known population values, which may
not always be the case. : ]
4. COMEN'S k (1960) D %‘ |

4.1. Assumption: Nominal data are mandated. Identical marginals-are not
reqﬁ%ré&, since chance agreement is based upon observed marginals.

4.2, .Comgptatioﬁal Formula

1
where Po” ﬁz n;; = proportion of agreeing pairs
] ,
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énd p ‘=' 1 A 10
e N2{__‘(nu) (n.;) = agreement expected by chance aloné

n;; = number of items on which observers agreed for the ith
category : o j

e | ‘ N = total number of items coded.

. : Ny, = marginal fbr obgnger‘l for the ith éategory
n,y = marginal'fpr observer 2 for the ith categgory
4.3. Exa mEIeS ‘ o T ' ‘ L

N ‘ | . :
0pt1ma1 Case {see contingency tables in Section 3.2.)

P =l (246+4+5+3) = 20 o g7
° 30 ( ) = 30

Lo = 180 - |
Pe (30)2 (4x2‘+ 12x6 + 8x4 + 10x5 + 6x3) 550 .720

'\' (8 . 067 - 020 - .47
\

4 = .59
A 1.00 -.70 80

\

P a

o 30 (0+0+0+0+0) = .0

1
Pe 2 (4x2 + 12x6 + 8x4 + 10x5 + 6x3) = 180 . 20
¢ (30) : 900
n, . .

- 020 _‘020 - - . ’ p ) .
“ = T00-.20 .8 -2%. o

4,4, Advantages
4.4.1. Relatively simple to coﬁpute'

4,4.2, Accounts for "chance" agreement

%.4.3. Possible to statistically interpret /3ee Cohien (1960)
| and Light (197117’ .

4.4.4. Djscriminates between optimal and minimﬁl case

4.5, Disadvantagei

4,5.1. Only gobd for two observers at a time

4.5.2, Cannot be legitimately used with quaﬁﬁitaéive data

4.5.3. Only measures overall agreement.: Does not indicatr agreement
- for specific categories, although surveyance of off-diagonal
cells in the contingency table can be helpful.

-~
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5. LIGUT (1971)‘ EXTENSIONS OF « _

Light agreed that « was conceptually attractive .as a simple distance
measure of agreement. He preferred, however, to view the « statistic as
a distance measure of disagreement under the hypothe51s of random
agreement. 'That is: , ‘

. . =41 ) El—?- . .‘ : 1 . o
d

vhere d; = 1 - P, = observed prdpdrtion of disagreement
and dy = 1 - P, = expected proportion of disagreement

"Thus « becomes a ratio of measures of distance, or disagreements, between
two observers, where distances are measured by counting up a series of
_ones and zeros. These distance measures are simply a function of the
numbers of agreeing versus disagreeing pairs in the 2n total responses."
(P. 367). It should be noted that nght s k is computationally
“equivalent to Cohen s K. , .

.
Viewing k in these terns Light has extended it to:
1) conditional measures éf agreement level with two'observers,‘
- 2) measures of agreenent among more than two observers,

3) measures of condit10na1 agreenent with mqre than two
observers, 4

4) comparison of the *01nt agreement of several observers with -
a standard

and 5) a method of distinguishing patterns of agreement from levels
of agreement between two observers.

Due to the computational complexity of most of these extensions of «
they will not be discussed here. The interest:d reader is referred to
Light (1971, pp. 367-376.)

6. LIGHT.(iQ?l): - CONDITIONAL AGREEMENT,'KPi

6.1. -Assumptions

The same assumptlons hold as do those for Cohen s k, except that
' Kps allows the comparison of each observer's score to a criterion
(expert) score for only those items which the criterion placed in
‘the ith specific category.
)
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6.2. ‘Computational Formula | | o _ o ‘ o N

/ nig
o 1 -1 mg

b=

3
]

where 1y; = number of agreements between the observer and the ' N
criterion coder on the ith category |

]
]

total number of items-coded:

=
+
n

i = marginal for the observer on the ith category

“i+‘“ marginal for the eriterion coder on the ith category

6.3. Exaggle .
Opt;mal Case (for category 3; observer 1 is considered
the expert) :
4. 4
. 1- =~ 0
Ko o N e -—_
P3 = 1 (_.%i‘\ 1 -3 = 100
) 1-30/

Minima: Case (for category 3)

h | (1° ) 1‘ _1.00

p = 1 - ( : 8 .‘= = "037
3 T em— .
" 1 30) v 73 -«

"6.4..-Advaptages
~ 6,4.1. Can compare sbecific categories
l6.4.2.‘ Can test'fof significance,,“wm__fm_&wm
6.4.3. A0counts‘for chance agreement' ;1-
6.4.4, /Discriminatés.between-optimalAandkmintmar‘é§§€§“f'

6.5. Disadvantages

6.5.1. Cannot be used legitimately with quantitative data

7. FLANDERS' (1967) MODIFICATION OF SCOIT'S =

@r Flanders used the general formula of 7 (and k) but modified the
computation of P, for use with quantitative data. He also computed
chance agreement similar to Scott's P_ but used the average proportion
per category rather than known populational proportions.
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- 7.1, Cbmpﬁtational”Formula
o Pog-Peg -

|
'

£

1= Pog .

~where Py = 1 - E:Tlfil.r fgg_‘
' i=1 | -

£1 £
|
and P '

B, fa2) 12
£ ,02

A-13

.
| | : “
£53 = frequen@y for observer 1
£i9 =_fréquen$y foriobserv%r 2 , ™
f.1 = total n;mbé;;qf tallkes for C categories for cbserver 1 Y
£ 4 . total number of tallies for C categories for'ob;erver 2

”7.21_1éxaggle: " (See Table 3.

7.3. .£§§52tagg$ | ‘
- 7.3.1. fﬁ#es frequency rather than nominél COmparisons
7.3.2. Relatively simpié to compute

7.3.3..
ca .
frequency data

7.4. Disadvantagés

24

. Pgp is unaffected by low or zero frequencies in some
gégories.as is average simple percentage agreement for

7.4.1. Cénnot be used legitimately for specific categoiy agreement

7.4.2. Unable to statistically interpret

7.4.3. If two observational records correlate posiﬁively, Planders'
_ ‘ T may overestimate observer agreement. This is most likely
to happen when using an,zﬁent-recording system rather than a

unit-time recording syst
results could occur: /

Obs. 2
4
12
8
10
6
40

" Obs. 1
>

For example, if one observer
. only detected half as mahy events as another, the following
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thod would yield a coefficient of 1.00 with the
Yot it is apparent that the two observers do
-not."agree" on within category comparisons. This wosld nct
be necessarily\undesirable if one were to analyze his data

Flaﬁders'
' above data.

s of frequencies in categories to the total

number of recorded events. ?

However, if frequehcies in each category_wete compared —— ———
“during data analysis, Flanders' method would yield a
misleading overestimate of observer agreement.

8. A MODIFICATION OF SCOTT'S w USING FREQUENCY DATA

In order to overcome the bias of Flanders' method when data are
positively correlated and when using event recording systems,
Garrett (1972) suggested a modification of Scott's = that is
unaffected by correlated oLservational records. ,

8.1. Computationalnfofmula

8.2.

and P, = |
% 1;

Example: (See Table 4) .

%
where_?og =L i ‘min. {fil; fiZ}
. ¢ i=1 max {fil, £i23

3 C - -
fa * 55 2
£+ £

Po, is equivalent to P? in Section 2. P, ‘is equivalent to
Scott's Pe in Section 2. ' 8

A

8.3. Advantagés

8.3.1. Computationally simple

8.3.2. _Unaffected by correlated ratings

8.3.3. Uses frequency rather than nominal data, which is helpful

when item x item comparisons are impractical or impossible
to obtain.

 8.3.4. Corrects for chance agreement,Abased on observedvmarginals; .
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8.4. DiSadvantagés‘ ' e

 8.4.1. Mea;ures overall agreement rather than specific category
ement _

8.4.2. Afchted by low or zero frequencies of categories

8.4.3. Cannot statistically 1nterpret
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